We have studied dynamo models with realistic assumptions for the induction effects and compare the resulting magnetic fields with observations. We make use of recent results of helioseismology to infer the differential rotation and adopt mixing length approach to get the form of the ct-effect, which is in general anisotropic. Dynamo models are computed numerically using an eigenva.lue method. Finally, we discuss the resulting Lorentz force, which is relevant for explaining observed flows such as the torsional waves, as a back reaction of the dynamo magnetic fields. Comparison is made in particular with Mt.Wilson/Kitt Peak magnetograms and synoptic charts showing the magnetic flux, torsional oscillation pattern, and the distribution of ephemeral regions, coronal activity, and polar faculae.
INTRODUCTION
The first solar a~l-dynamomodels by Steenbeck and Krause /1/ showed many observed features of the solar activity cycle, for example the periodic migration of sunspot belts towards the equator, Hale's polarity rule for bipolar spots on N-and S-hemisphere, and the phase relation between poloidal and toroidal field components /2,3/. Nevertheless, many problems of dynamo theory have been pointed out during the last decade. In particular the intermittent structure of magnetic fields in the convection zone leads to buoyancy effects, which can transport the magnetic flux to the surface on a time scale much shorter than the solar cycle. Other problems concern the strength of the coefficients for the a-effect and for turbulent diffusion, and the question of calculated periods, which are much shorter than the solar cycle. This has led to the impression that dynamo theory fails altogether to explain the solar activity cycle /15/. However, well developed alternative theories do not exist. In the kinematic (linear) mean field approach, differential rotation and a-effect are assumed to be known. This gave rise to a variety of quite different models in the past. Due to recently improved determinations of the solar internal angular velocity from helioseismology, it is necessary to reconsider the csf~-dynamos.The goal of the present paper is to present more realistic models based on these new observational constraints.
KINEMATIC DYNAMO THEORY
We assume that the mean magnetic field B of the Sun is generated by an a~l-dynamomechanism, which is described by the induction equation:
where~is the molecular magnetic diffusivity. Turbulent motions in the solar convection zone give rise to an additional electromotive force e =< u' x B'> (e.g. a-effect). The differential rotation Q(r, 9), which enters into Eq.(1) via u = r x f~l,is important for generating toroidal field from a poloidal one. The functioñ l(r, 9) is observed to some extent by means of helioseismology. In Fig.1 we have combined data obtained from different authors. An expression for e in the presence of weakly inhomogeneous turbulence has been derived in the frame-work of first order smoothing /4,5/:
where sj~,~y,, a1, and a4 are certain functions of radius r. In the following we shall employ rough estimations in terms of correlation time r and turbulent r.m.s. velocity V (see /4,5,10,11/). For the turbulent magnetic diffusivity s~, and the isotropic a-effect one obtains:
The diamagnetic effect is given by -y =~dsic/dr and for the so-called~1x J-effect we take~3~~lr
2V2 and finally a 4 = -aj/4 (see /5/). In the mixing length approach one assumes usually r = C,.~/V,where £ is the mixing length and C,. a factor of order unity. However, this expression becomes singular at the bottom of the convection zone (V -~0) and we shall therefore replace it by a linear extrapolation for r < 0.85R. C,. will be specified later. In Fig.2 we have plotted~and a1 using V and £ from a solar mixing length model. 
SOLAR DYNAMO MODELS
We have computed dynamo models using the functions fl~, a1, etc. described in the previous section. As is usual in the linear dynamo theory, one is interested in the marginal solution, which is neither growing nor decaying. This can be achieved by scaling a1,4 and fi with a factor C. Using C = 0.05 and C,. = 0.1 we found an oscillatory dynamo solution with a magnetic period of 15 years. In Figure 3 we have plotted the field geometry for this axisymmetrix dipole type mode (AU, see ref. 
COMPARISON WITH OBSERVATIONS
We first discuss the toroidal field depicted in the lower panel of Figure 4 . Most of the flux is concentrated at low latitudes with a maximum at about 15°. This is in good agreement with the form of the traditional butterfly diagram, and also with synoptic charts of total magnetic flux (see e.g. in /13/, Fig.Th) . This then in the magnetograms, and finally in the coronal green line. This may be understood as a simultaneous vertical migration of field, as is expected from the dynamo model (see Fig.3 ). A very important observation for testing dynamo models is the time of reversal of the polar magnetic field. The polar field changes from minus to plus slightly after sunspot maximum, when B, 1, > 0 at lower latitudes (and from plus to minus, when B~< 0) /14/. This is in good agreement with our models, which display a polar field reversal from minus to plus at~it = 1.5ir, somewhat after the positive maximum of B~,.
Finally, we studied the time dependent part of the resulting toroidal Lorentz force ( We conclude that, taking the results of helioseismology and mixing length concept fully into account, it is possible to construct more realistic dynamo models which show good agreement with the observed mean solar magnetic field. For further investigations, it would be of interest to see whether this agreement persists when nonlinear feed-back is taken into account and when the equation of mean motion and the induction equation are solved self-consistently. Also the stability of these solutions and the existance of "mixed parities" /22/ remains to be investigated for solar type models.
